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ABSTRACT 

Broad whit 
pidschian) 
chus keta) -- 
most heavi 

efish (Coregonus nasus), humpback whitefish (Coregonus 
grayling (Thymallus arcticus), chum salmon (Oncorhyn- 
and northern pike (Esox lucius) are the fish species 

ly used by subsistence and sport fishermen in the 
Chandalar-Christian Rivers area (CCR), although the effort in 
both fisheries is low. The major chum salmon spawning areas are 
presently in the main Chandalar River near and below Venetie but 
in the past included the East Fork. 

Broad, humpback and round whitefish (Prosopium cylindraceum) 
generally grow more slowly in the CCR than they do in other parts 
of Interior Alaska, possibly because of low food availability, 
In the East Fork of the Chandalar, broad whitefish may spawn in 
alternate years; they may spend the winter before spawning in 
Loon Lake and the winter after spawning in the Chandalar River. 
Venetie Lake near Venetie was found to contain hydrogen sulfide 
and low levels of oxygen in March. The lake was once an impor- 
tant summer feeding area for broad whitefish hut now appears to 
be isolated from the stream system, The isolation may be due to 
lower water levels, but man-made dams near the inlet and outlet 
of the lake may be partly responsible. 

Whitefish habitat in the CCR may be declining. Weather records 
and aerial photographs were found to be consistent with claims by 
Natives that lake levels had declined in the past 30 years. 

A search for water sources that would be suitable for a conven- 
tional salmon hatchery was unsuccessful. Methods for incubating 
fall chum and chinook (0. tshawytscha) salmon are suggested, but 
questions on low water temperatures, low food availability and 
poor water quality in the CCR need to be answered before hatchery 
production of salmon or whitefish can be considered. Presently, 
the most useful fisheries enhancement project appears to be 
whitefish habitat improvement, specifically at Venetie Lake and 
Loon Lake, Natives in the CCR appeared to favor rehabilitation 
of whitefish and enhancement of chinook salmon to improve their 
subsistence fisheries, They were not interested in developing a 
commercial fishery. 

KEYWORDS: fish culture, fisheries rehabilitation and enhance- 
ment, fish resources, life history, Oncorhynchus tshawytscha, 
chinook salmon, Oncorhynchus keta, chum salmon, Coregonus nasus 
broad whitefish, Coregonus pidschian, humpback whitefish, 
Prosopium cylindraceum, round whitefish, Chandalar River, 
Christian River, Venetie Lake, Loon Lake, Shovun Lake, Twentymi 
Lake, Venetie, Arctic Village. 



INTRODUCTION 

The Division of Fisheries Rehabilitation, Enhancement and 
Development (FRED) of the Alaska Department of Fish and Game 
(ADF&G) was asked by the 1981 Alaska Legislature to identify the 
fish resources of the Chandalar and Christian Rivers area (CCR) 
and to evaluate the potential for fisheries rehabilitation and 
enhancement. The entire area (Fig. 1) is above the Arctic 
Circle, and most of it falls within the boundaries of the Venetie 
Indian Reservation. Venetie and Arctic Village are the only 
villages in the CCR. The mouths of the Chandalar and Christian 
Rivers are approximately 154tl km upstream from the mouth of the 
Yukon Fiver. 

Little is known about the fishery resources and their use in the 
CCR. The Department of Fish and Game has intermittently surveyed 
the fall chum salmon (Oncorhynchus keta) spawning run in the 
Chandalar River since 1974 and has esti'mated the subsistence 
salmon harvest in Venetie Village since 1962 (Geiger and Andersen 
1988). The Department has also conducted test fishing in several 
lakes in the CCR (Roguski and Spetz 1968; Kramer 1976; and Pearse 
1978). Pearse (1979) summarized these studies. Mills (1988, 
1981) conducted surveys of sport fishing effort in a portion of 
the south slope of the Brooks Range which included the CCR. 
Surveys of fish distributions, stream invertebrate 6ensities and 
hydrology were conducted by several investigators for the 
Canadian Arctic Gas Pipeline Company in the upper East Fork of 
the Chandalar River (McCart 1974; Craig and McCart 1974; Ward and 
Craig 1974; Craig and Wells 1975). Additional hydrologic data 
for this area were reported by Childres et al. (1973). A brief 
survey of fish resources and salmon enhancement potential at 
Venetie and Arctic Village was made by one of us (J.R.) in 1977. 
The results of that trip are included in this report. Caulfield 
(1983) has recently completed a study of subsistence land use in 
communities in the Upper Yukon-Porcupine area, including Arctic 
Village and Venetie. 

We attempted to answer three questions in this study: (1.) What 
are the major fish species in the CCR? (2) What factors are 
limiting the production of the most important of these species? 
and (3) What are the opportunities for fisheries rehabilitation 
and enhancement? 



Figure 1. Map of the Chandalar-Christian Rivers area. 



PATERIALS AND METHODS 

Seven field surveys were conducted (Table 1). Data were 
collected through on-site investigations and interviews, We met 
with most local officials and other interested residents in 
Arctic Village and Venetie to discuss fisheries rehabilitation 
and enhancement. 

Watgr temperatures were measured with a mercury thermometer with 
0.1 c divisions. Water flows were measured by estimating average 
width, depth and water velocity. Dissolved oxygen concentration 
was measured with a Model AL36R Hach field kit. Holes were 
drilled through ice usi.ng a Jiffy Model 20 gasoline-powered ice 
auger with a 20-cm (8-in.) bit. 

A 4g-m-long gill net containing five panels with meshes of 25, 
58, 75, 100, and 125 mm (stretch), was used for winter test fish- 
ing. An additional 30-rn-long variable mesh gill net containin 

survey. The Shovun Lake nets were set with an inflatable Avon 
F! two panels of 64- and 75-mm mesh was used during the Shovun La e 

raft with a 15-hp motor, both loaned to us by the commercial 
Fisheries Division. Broad whitefish (Coregonus nasus) that were 
examined near Arctic Village were collected by Peter ~ r i t t  with a 
15.2-m-long, 62.5-mm-mesh gill net. 

Broad whitefish were aged with scale samples taken from the left 
side midway between the posterior dorsal fin and anterior anal 
fin. Scales were cleaned and mounted on a gummed card, from 
which a plastic impression was made. Scale annuli were then read 
from the impression on a microprojector. Stomach contents of the 
broad whitefish were identified by Rae Baxter of the Commercial 
Fisheries Division. 

Chum salmon fry were collected with a shovel from the spawning 
beds and preserved in 70% isopropyl alcohol. Lengths were 
measured from the tip of the snout to the fork of the tail. 
Weight was determined by averaging the total sample weight after 
blot drying. 

We set gill nets under ice with a "jig pole" modified from 
Bendock (198@). The jig pole consisted of four 4.5 by 4.5 cm by 
1.8 m-long poles bolted together at the ends so that the could K rotate in only one plane (Fig. 2 ) .  Holes were drilled t rough 
the ice at roughly 5-rn intervals. A rope was attached to the end 
of the jig pole and pushed from the first hole to the second 
where its leading end was retrieved with a hooked stick. This 
process was repeated until the rope had been strung under the ice 
to the last hole. The rope was then used to pull the gill net 
under the ice. The nets were adjusted to fish approximately 50 
to 100 cm below the ice. Spruce boughs and powdered snow were 
placed on top of each hole to reduce the amount of freezing in 
the hole. 



Table 1. Field surveys conducted in the Chandalar-Christian 
Rivers area. 

Dates Travelers Locations 

17-21 Aug 1977 J. R. Fort Yukon, Venetie, 
Arctic Village 

10-13 Nov 1981. R.M. Fort Yukon 
1- 2 Dec 1981 R.M. Venetie 
2- 5 Feb 1981 R.M. Arctic Village 

22-26 Mar 1982 R.M., J.R. Venetie and Twentymile 
Lake 

23 May 1982 J.R. Venetie Lake and Kocacho 
Creek overflight 

14-17 Jun 1982 R.M., J.R. Shovun Lake 

Zooplankton was sampled with a 20-cm-diameter, 243-micron-mesh 
net loaned by the Fisheries Cooperative Unit, IJniversity of 
Alaska. Zooplankters were identified by Terry Tobias of the FRED 
Limnology Lab, Soldotna. 
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F i g u r e  2 .  Method f o r  s e t t i n g  a  g i l l  n e t  u n d e r  t h e  i c e  ( f i g u r e  
m o d i f i e d  f r o m  Bendock ( 1 9 8 0 ) ) .  c o n s t r u c t i o n  o f  j i g  p o l e  is shown 
a t  t o p .  1. I n s e r t  j i g  p o l e  and  maneuver  r o p e  l e a d e r  t o  a d j a c e n t  
h o l e .  2 .  Hook r o p e  l e a d e r  w i t h  h o o k i n g  p o l e ,  p u l l  l e a d e r  t o  
s u r f a c e ,  u n t i e  h a u l  r o p e  f r o m  l e a d e r  and  remove j i g  p o l e .  3 .  
Rehook h a u l  r o p e  t o  l e a d e r  and  i n s e r t  j i g  p o l e  a t  n e x t  h o l e  and 
r e p e a t  t h e  p r o c e d u r e .  



Drawing of a wood carving of a fish used as a grave marker in 
Arctic Village, probably made in the early 190fls. (Drawn from 
McKennan (1965), plate 26). 

RESULTS AND DISCUSSION 

Fish Resources and Their Use 

Fifteen species of fish have been identified in the CCR (Table 2) 
(Craig and Wells 1975; Pearse 1978). The most abundant species 
are g 
E l ,  
(Esox 
white 
salmo 
some 

rayling (Thymallus arcticus), slimy sculpin (Cottus 
round white£ ish (P- - cylindraceum) , northern 

er (catostomus catostomus) , 
1s pidschian) and 

chiefly for subsiste 
sport fishing also occurs, No commercial fishing o 

cogna- 
pike 
broad 

chum 
nce, but 
ccurs in 

the CCR. 

Natives in the northern part of the CCR have traditionally been 
hunters but have supplemented their diet with fish (PcKennan 
1965). This is illustrated by an observation made in Arctic 
Village in August 1977. When asked about their fishing habits, a 
spokesman for a small group of men responded, "ble eat meat." 
However, an hour later an old woman was seen carrying a large, 
freshly caught whitefish. 

The dependence on fish has traditionally been greater in the 
southern part of the CCR where several fishing villages are found 
(Kunz 1977). Presently, whitefish, grayling, chum salmon and 
pike are the species most commonly caught by residents of the CCR 
(Rick Caulfield, ADF&G, Subsistence Division, and Dan Frank, 
Venetie resident, personal communications). In the past, suck- 
ers, sculpin and lake trout (Salvelinus namaycush) were also 
important food fishes (Hadleiqh-West 1963; McKennan 1965), and 
most residents of Venetie were dependent upon the annual fall 
chum salmon run for food (Hadleigh-West 1963). Rut now chum 
salmon are not as important as a food source. In recent years 
salmon catches at Venetie hzve amounted to a few thousand chum 
salmon and only a few chinook ( 0 .  tshawytscha) salmon (Appendix 
Table 1). In 1981, only half t G  families in Venetie reported 



Table 2. Scientific, common and Native names for fish species 
present in the Chandalar-Christian Rivers area. 

Scientific Name Common Name Native Name 1/ - 

Coregonus pidschian 

Coregonus nasus 

Humpback whitefish neeghan 

Broad whitefish 1. Kha4tqj' El 
ninjIk 

2. Chih shoo - 2/  

Prosopium cylindraceum Round whitefish Kha&tqjl 

Coregonus sardinella Least cisco Ch'ootsik 

Stenodus leucichthys Sheefish shryah 

Thymallus arcticus Arctic grayling shriijaa 

Salvelinus alpinus Arctic char auk dahootr'jj 

Salvelinus namaycush Lake trout neetr'aanjik 

Oncorhynchus keta Chum salmon shii 
(Dog salmon) 

Oncorhynchus kisutch Coho salmon Nehdlii 

Oncorhynchus tshawytscha Chinook salmon 4uk choo 

Lota lota -- 
Esox lucius 

Cottus cognatus 

Rurbot 

Northern pike Eltin 
(Jackf ish) 

Slimy sculpin tse hluq 

Catostomus catostomus Long nose sucker deets'at 

1/ Chandalar Kutchin language. Spellings were derived from 
the ~ c t c h i n  alphabet as standardized by the Alaska Native 
Language Center, University of Alaska, Fairbanks. 

2/ Peter (1979). - 



f i s h i n g  f o r  s a l m o n . l /  The d e c l i n i n g  i n t e r e s t  i n  s a l m o n  f i s h i n g  
and  t h e  a b s e n c e  o f  s c u l p i n  and  s u c k e r s  i n  t h e  p r e s e n t  d i e t  o f  t h e  
r e s i d e n t s  o f  t h e  CCR s u g g e s t  t h a t  f i s h  a r e  n o t  a s  i m p o r t a n t  t o  
t h e s e  p e o p l e  a s  t h e y  o n c e  w e r e .  

S p o r t  f i s h i n g  e f f o r t  i s  l o w  i n  t h e  CCR (Kramer  1 9 7 6 ;  P e a r s e  
1 9 7 8 ) .  I n  1 9 8 8  and 1 9 8 1 ,  a n  a v e r a g e  o f  90  a n g l e r - d a y s  w e r e  
e x p e n d e d  t o  h a r v e s t  a n  a v e r a g e  o f  1 2 5  f i s h  ( p r i m a r i l y  g r a y l i n g ,  
n o r t h e r n  p i k e  and  l a k e  t r o u t )  i n  C h a n d a l a r ,  Old J o h n  and Squaw 
L a k e s  and  i n  t h e  C h a n d a l a r  R i v e r .  No s p o r t  f i s h i n g  was r e p o r t e d  
i n  e i t h e r  y e a r  i n  Ackerman Lake o r  i n  t h e  C h r i s t i a n  ~ i v e r  (Mike 
M i l l s ,  A l a s k a  D e p t .  o f  F i s h  & Game, A n c h o r a g e ,  p r i v a t e  communi- 
c a t i o n ) .  

A d d i t i o n a l  i n f o r m a t i o n  o n  s a l m o n  and  w h i t e f i s h ,  t h e  s p e c i e s  m o s t  
i m p o r t a n t  t o  t h e  s u b s i s t e n c e  f i s h e r y ,  is  g i v e n  be low.  

F a l l  Chum Salmon 

Chum s a l m o n  a r e  n o t  a b u n d a n t  i n  t h e  CCR. F a l l  chum s a l m o n  a p p e a r  
t o  spawn m a i n l y  i n  t h e  m a i n  f o r k  o f  t h e  C h a n d a l a r  R i v e r  b e l o w  t h e  
mouth o f  t h e  E a s t  F o r k  f r o m  mid-Sep tember  t o  e a r l y  O c t o b e r .  
E s t i m a t e d  e s c a p e m e n t s  h a v e  r a n g e d  f r o m  3 , 0 0 0  t o  1 7 , 0 0 0  f i s h  i n  
r e c e n t  y e a r s  ( G e i g e r  and  A n d e r s e n  1 9 8 0 )  (Append ix  T a b l e  1 ) .  The 
m a j o r  s p a w n i n g  s i t e s  a r e  l o c a t e d  i n  s p r i n g  a r e a s  n e a r  o r  down- 
s t r e a m  f r o m  V e n e t i e  ( L a n c e  T r a s k y ,  ADF&G, p e r s o n a l  communica- 
t i o n ) .  The l a r g e s t  s p a w n i n g  a r e a  known t o  l o c a l  r e s i d e n t s  is a 
s p r i n g - f e d  s l o u g h  7  km u p s t r e a m  f rom V e n e t i e  o n  t h e  w e s t  s i d e  o f  
t h e  C h a n d a l a r  R i v e r  (Dan F r a n k  and  E d d i e  F r a n k ,  p e r s o n a l  communi- 
c a t i o n s )  . 
The E a s t  F o r k  o f  t h e  C h a n d a l a r  R i v e r  may h a v e  b e e n  a more  impor-  
t a n t  s p a w n i n g  a r e a  i n  t h e  p a s t  t h a n  i t  i s  t o d a y ,  b u t  t h e  e v i d e n c e  
f o r  t h i s  is weak.  S c h r a d e r  ( 1 9 8 8 )  r e p o r t e d  t h a t  N a t i v e s  c a u g h t  
and  d r i e d  a  f ew chum s a l m o n  a t  a n  u n s p e c i f i e d  l o c a t i o n  o n  t h e  
E a s t  F o r k .  A c c o r d i n g  t o  V e n e t i e  r e s i d e n t s  Dan F r a n k  and Maggie  
R o b e r t s ,  t h e  mouth  o f  t h e  N o r t h  Fork  o f  t h e  E a s t  F o r k  was a  m a j o r  
s p a w n i n g  a r e a  3 5  y e a r s  a g o ,  P e o p l e  f i s h e d  t h e r e  i n  t h e  f a l l  f o r  
chum s a l m o n .  R o b e r t s  i d e n t i f i e d  a n o t h e r  n e a r b y  s i t e  ( t h e  mouth 
o f  t h e  unnamed c r e e k  o n  t h e  west bank o f  t h e  E a s t  F o r k  b e t w e e n  
Rig  Rock a n d  L i t t l e  Rock M o u n t a i n s )  a s  a n  i m p o r t a n t  s p a w n i n g  a r e a  
i n  t h e  1 9 3 0 s .  T h e s e  r e p o r t s  a p p e a r  t o  c o n t r a d i c t  McKennan ( 1 9 6 5 ,  
p  1 7 ) ,  who f o u n d  no e v i d e n c e  o f  s a l m o n  u t i l i z a t i o n  i n  t h e  E a s t  
F o r k  i n  1933 .  However,  t h e  U.S. F i s h  & W i l d l i f e  S e r v i c e  r e p o r t e d  
s e e i n g  chum s a l m o n  i n  t h e  E a s t  F o r k  a s  f a r  u p s t r e a m  a s  L i t t l e  
Rock M o u n t a i n  i n  1960  (ADF&G 1 9 8 2 ) .  Salmon e s c a p e m e n t s  h a v e  n o t  
b e e n  s u r v e y e d  o n  t h e  E a s t  Fork  s i n c e  1 9 6 0 .  C o n s e q u e n t l y ,  l i t t l e  
i s  known a b o u t  i t s  p r e s e n t  s t a t u s .  Dan F r a n k  s a i d  t h a t  h e  d i d n ' t  

1/ T h i r t e e n  f a m i l i e s  r e p o r t e d  f i s h i n g  f o r  s a l m o n  (ADF&G 
1981); I n  1 9 8 0 ,  V e n e t i e  h a d  27 f a m i l i e s  ( U . S .  B u r e a u  o f  t h e  
C e n s u s  1 9 8 8 )  . 



s e e  a n y  s a l m o n  a t  t h e  mouth o f  t h e  N o r t h  Fork  E a s t  F o r k  on  a  
t r a p p i n g  t r i p  a  f ew y e a r s  a g o  and t h a t  h i s  f a t h e r  had t o l d  him 
t h a t  h e  a l s o  h a d n ' t  s e e n  f i s h  t h e r e  i n  r e c e n t  y e a r s .  

B e c a u s e  chum s a l m o n  a r e  r a r e l y  s e e n  i n  t h e  main  f o r k  o f  t h e  
C h a n d a l a r  R i v e r  a b o v e  V e n e t i e  ( L o u i s  B a r t o n ,  ADF&G, p r i v a t e  
c o m m u n i c a t i o n ) ,  a e r i a l  s u r v e y s  a r e  g e n e r a l l y  made o n l y  a s  f a r  a s  
t h e  mouth o f  t h e  E a s t  F o r k .  S c h r a d e r  ( 1 9 0 0 ) ,  who was  o n  a  
r e s o u r c e  s u r v e y ,  d i d  n o t  r e p o r t  s e e i n g  a n y  chum s a l m o n  i n  t h e  
ma in  f o r k  o f  t h e  C h a n d a l a r  R i v e r  b e t w e e n  t h e  mouth  o f  t h e  E a s t  
F o r k  and  C h a n d a l a r  Lake.  I n  1 9 6 0 ,  h o w e v e r ,  a n  u n s p e c i f i e d  number 
o f  chum s a l m o n  w e r e  o b s e r v e d  i n  t h e  ma in  f o r k  a p p r o x i m a t e l y  40 km 
a b o v e  t h e  mouth  o f  t h e  E a s t  F o r k  n e a r  C a r o  (ADF&G 1 9 8 2 ) -  

Ch inook  Salmon 

C h i n o o k  s a l m o n  a r e  i n f r e q u e n t l y  c a u g h t  i n  t h e  s u b s i s t e n c e  f i s h e r y  
a t  V e n e t i e  ( A p p e n d i x  T a b l e  1) a n d  a r e  r a r e l y  s e e n  a t  A r c t i c  
V i l l a g e .  

S c h r a d e r  ( 1 9 0 0 )  o b s e r v e d  c h i n o o k  s a l m o n  a t  a n  u n s p e c i f i e d  
l o c a t i o n  o n  t h e  E a s t  F o r k ,  w h e r e  t h e y  were c a u g h t  a n d  d r i e d  f o r  
human u s e ,  b u t  n o t  on  t h e  m a i n  f o r k  o f  t h e  C h a n d a l a r  R i v e r  a b o v e  
t h e  mouth  o f  t h e  E a s t  F o r k .  V e n e t i e  r e s i d e n t  Maggie  R o b e r t s  s a i d  
t h a t  s h e  saw s p a w n i n g  c h i n o o k  s a l m o n  a t  t h e  mouth o f  Lush C r e e k  
n e a r  B i g  Rock M o u n t a i n  o n  t h e  E a s t  F o r k  i n  t h e  l a t e  1 9 3 0 s  o r  
e a r l y  1 9 4 ~ 7 s .  

W h i t e f i s h  

L i f e  H i s t o r y .  Humpback, b r o a d  and  round  w h i t e f i s h  a r e  a b u n d a n t  
i n  t h e  CCR and  a r e  t h e  m o s t  h e a v i l y  u s e d  f i s h  s p e c i e s  ( R i c k  
C a u l f i e l d ,  ADF&G, p e r s o n a l  c o m m u n i c a t i o n ) .  However,  l i t t l e  is 
known a b o u t  t h e  l i f e  h i s t o r i e s  o f  t h e s e  s p e c i e s  i n  t h e  CCR. 
McKennan ( 1 9 6 5 ,  p. 3 4 )  r e p o r t e d  t h a t  i n  t h e  1 9 3 0 s  t h e  s e a s o n a l  
m i g r a t i o n s  o f  w h i t e f i s h  i n  t h e  CCR w e r e  w e l l  known t o  N a t i v e s  
b e c a u s e  t h e  m i g r a t i n g  f i s h  c o u l d  b e  e a s i l y  c a u g h t  w i t h  t r a p s ,  I t  
was known t h a t  t h e  w h i t e f i s h  moved u p s t r e a m  t o  l a k e s  i n  May and 
J u n e  a n d  r e t u r n e d  d o w n s t r e a m  i n  t h e  f a l l .  

C r a i g  and  Wells ( 1 9 7 5 )  c o l l e c t e d  r o u n d  w h i t e f i s h  i n  t h e  Upper 
E a s t  F o r k  o f  t h e  C h a n d a l a r  R i v e r .  They f o u n d  t h a t  s p a w n i n g  
o c c u r r e d  i n  Cane C r e e k  b e g i n n i n g  i n  l a t e  S e p t e m b e r .  The f e m a l e s  
a p p e a r e d  t o  spawn a n n u a l l y  a n d  h a d  a  mean f e c u n d i t y  o f  1 0 , 3 @ 8  
e g g s .  The f r y  a p p e a r e d  t o  move d o w n s t r e a m  t o  f e e d  b e c a u s e  t h e y  
w e r e  f o u n d  o n l y  b e l o w  V e t t e t r i n  L a k e ,  2D km d o w n s t r e a m  f rom t h e  
mouth  o f  Cane C r e e k .  F r y  c a u g h t  o n  26  J u l y  had  a n  a v e r a g e  l e n g t h  
o f  35 .4  mm. Round w h i t e f i s h  i n  t h e  E a s t  F o r k  g r e w  more  s l o w l y  
t h a n  d i d  o t h e r  p o p u l a t i o n s  i n  t h e  Chena R i v e r  and t h e  G r e a t  
L a k e s  b u t  g r e w  s l i g h t l y  f a s t e r  t h a n  d i d  p o p u l a t i o n s  i n  G a l b r a i t h  
Lake o n  t h e  N o r t h  S l o p e  and Summit Lake ,  a  h i g h - e l e v a t i o n  l a k e  i n  
t h e  I n t e r i o r .  



Kramer ( 1 9 7 6 )  and P e a r s e  ( 1 9 7 8 )  c o l l e c t e d  w h i t e f i s h e s  f rom 
s e v e r a l  l a k e s  i n  n o r t h e r n  A l a s k a  d u r i n g  summer. I n  t h e  C C R ,  t h e y  
found  round  w h i t e f i s h  i n  Fckerman  Lake ,  where  i t  was t h e  m o s t  
common w h i t e f i s h ,  and i n  C h a n d a l a r  and Squaw L a k e s .  P e a r s e ' s  
d a t a  i n d i c a t e d  t h a t  t h e  Ackerman Lake p o p u l a t i o n  g r e w  a t  a  
r e l a t i v e l y  r a p i d  r a t e  ( s i m i l a r  t o  t h e  g r o w t h  r a t e  o f  t h e  Chena 
R i v e r  p o p u l a t i o n  r e p o r t e d  by C r a i g  and Wells ( 1 9 7 5 )  ) , b u t  t h a t  
t h e  o t h e r  two p o p u l a t i o n s  g r e w  a t  n e a r l y  t h e  same s l o w  r a t e s  t h a t  
C r a i g  and Wells r e p o r t e d  f o r  t h e  E a s t  Fork  p o p u l a t i o n .  

Kramer ( 1 9 7 6 )  and P e a r s e  ( 1 9 7 8 )  found  t h a t  t h e  humpback w h i t e f i s h  
was t h e  m o s t  common w h i t e f i s h  i n  C h a n d a l a r  and Squaw L a k e s .  
P e a r s e ' s  d a t a  i n d i c a t e d  t h a t  humpback w h i t e f i s h  i n  t h e  CCR g r e w  
more  s l o w l y  t h a n  ? n y  o f  s e v e r a l  o t h e r  A l a s k a n  humpback w h i t e f i s h  
p o p u l a t i o n s  examined  b y  A l t  ( 1 9 7 9 ) .  C r a i g  and Wells ( 1 9 7 5 )  
examined  humpback w h i t e f i s h  f r o m  Old J o h n  Lake and Big  F i s h  Lake 
i n  t h e  n e i g h b o r i n g  S h e e n j e k  R i v e r  d r a i n a g e  and f o u n d  t h a t  t h e i r  
g r o w t h  r a t e s  w e r e  l o w e r  t h a n  t h e  g r o w t h  r a t e s  f o u n d  i n  s e v e r a l  
o t h e r  a r e a s ,  i n c l u d i n g  t h e  C o l v i l l e  D e l t a  on t h e  N o r t h  S l o p e .  

P r e v i o u s  r e c o r d s  o f  b r o a d  w h i t e f i s h  i n  t h e  CCR i n c l u d e  two c a u g h t  
i n  C h a n d a l a r  Lake (Kramer  1 9 7 6 ;  P e a r s e  1 9 7 8 ) ,  s i x  c a u g h t  i n  t h e  
o u t l e t  c r e e k  o f  Loon Lake (Ward and C r a i g  197A) and f i v e  c a u g h t  
i n  t h e  J u n j i k  R i v e r  i n  t h e  u p p e r  E a s t  Fork  o f  t h e  C h a n d a l a r  R i v e r  
( C r a i g  and Wells ( 1 9 7 5 ) .  

A l t  ( 1 9 7 9 )  d e s c r i b e d  v a r i o u s  a s p e c t s  o f  t h e  l i f e  h i s t o r y  o f  t h e  
humpback w h i t e f i s h  i n  n o r t h e r n  A l a s k a ,  b u t  none  o f  h i s  s a m p l e s  
were c o l l e c t e d  f rom t h e  CCR. Tn n o r t h w e s t e r n  A l a s k a ,  h e  f o u n d  
t h a t  t h e  humpback w h i t e f i s h  o v e r w i n t e r e d  i n  b r a c k i s h  Hotham I n l e t  
and  t h e  l o w e r  p a r t s  o f  t h e  Kobuk R i v e r  and t h e n  moved u p s t r e a m  
i n t o  s l o u g h s  and l a k e s  t o  f e e d .  T h o s e  f i s h  t h a t  would h e  spawn- 
i n g  i n  t h e  f a l l  would c o n t i n u e  moving u p s t r e a m  t h r o u g h  t h e  
summer. One s p a w n i n g  a r e a  was a b o u t  300 km f rom t h e  mouth o f  t h e  
r i v e r .  On o n e  o c c a s i o n  ( 3 0  S e p t e m b e r ) ,  s p a w n i n g  was o b s e r v e d  
when t h e  w a t e r  t e m p e r a t u r e  was 1 . 5 * ~ .  Once spawned ,  t h e  f i s h  
would move d o w n s t r e a m  a g a i n  t o  s p e n d  t h e  w i n t e r .  I n  t h e  Yukon 
R i v e r ,  A l t  f o u n d  e v i d e n c e  o f  a  s p a w n i n g  m i g r a t i o n  i n  S e p t e m b e r  
a n d  O c t o b e r  n e a r  Rampar t  and h e a r d  a r e p o r t  t h a t  s p a w n i n g  o f  
e i t h e r  humpback o r  b r o a d  w h i t e f i s h  o c c u r r e d  i n  t h e  same a r e a  i n  
m i d - O c t o b e r .  I n  t h e  C h a t a n i k a  R i v e r ,  humpback w h i t e f i s h  were 
f o u n d  t o  a p p e a r  i n  l a k e s  and s l o u g h s  o f  t h e  l o w e r  r i v e r  j u s t  
a f t e r  i ce  b r e a k - u p .  Spawning was o b s e r v e d  f rom mid-Sep tember  t o  
m i d - O c t o b e r ,  a b o u t  20R km u p s t r e a m  f rom t h e  mouth o f  t h e o r i v e r .  
W a t e r  t e m p e r a t u r e s  d u r i n g  t h i s  p e r i o d  r a n g e d  f rom P t o  3  C .  
A l t h o u g h  m o s t  A l a s k a n  humpback w h i t e f i s h  u n d e r g o  a  s p r i n g  
m i g r a t i o n  i n t o  l a k e s  t o  f e e d  and a  f a l l  u p s t r e a m  m i g r a t i o n  t o  
spawn,  some p o p u l a t i o n s  r e m a i n  i n  d e e p  l a k e s  y e a r - r o u n d .  A l t  
f o u n d  t h a t ,  i n  g e n e r a l ,  p o p u l a t i o n s  o f  humpback w h i t e f i s h  f rom 
i n t e r i o r  A l a s k a  g r e w  more  r a p i d l y  t h a n  p o p u l a t i o n s  f r o m  n o r t h e r n  
and  c o a s t a l  a r e a s  and a t t r i b u t e d  t h j s  t o  l o n g e r  g r o w i n g  s e a s o n s  
i n  t h e  I n t e r i o r .  



A l t  ( 1 9 7 6 )  f o u n d  s i m i l a r  g r o w t h  p a t t e r n s  i n  p o p u l a t i o n s  o f  b r o a d  
w h i t e f i s h  i n  A l a s k a .  C o a s t a l  and n o r t h e r n  p o p u l a t i o n s  o f  t h e  
Imuruk B a s i n  and t h e  S a g a v a n i r k t o k  R i v e r  were  f o u n d  t o  g row more  
s l o w l y  t h a n  t h o s e  o f  t h e  I n t e r i o r  and t h e  Kuskokwim R i v e r .  

B a x t e r  ( 1 9 8 2 )  f o u n d  t h a t  t h e  l i f e  h i s t o r i e s  o f  t h e  humpback and 
b r o a d  w h i t e f i s h e s  w e r e  s i m i l a r  i n  t h e  Kuskokwim R i v e r .  Roth 
s p e c i e s  o v e r w i n t e r  i n  t h e  Kuskokwim R i v e r .  I n   arch t h e y  b e g i n  
t o  move d o w n s t r e a m  t o  t h e  m o u t h s  o f  s t r e a m s ,  which  t h e y  e n t e r  
l a t e r  f o r  summer f e e d i n g .  I n  May t h e  f i s h  move up t h e s e  s t r e a m s  
and i n t o  t u n d r a  l a k e s  b e f o r e  t h e  b r e a k - u p  o f  w i n t e r  i ce .  A l l  
g r o w t h  a p p e a r s  t o  o c c u r  d u r i n g  t h e  summer f e e d i n g  p e r i o d  f rom May 
t o  A u g u s t .  Some o f  t h e  l a k e s  a r e  c u t  o f f  f rom t h e  s t r e a m s  i n  
summer when w a t e r  l e v e l s  a r e  o f t e n  l o w e r  t h a n  t h e y  a r e  i n  t h e  
s p r i n g .  W h i t e f i s h  f e e d i n g  i n  t h e s e  l a k e s  would d e p e n d  on  f a l l  
r a i n s  t o  r a i s e  t h e  w a t e r  l e v e l  and a l l o w  them t o  r e t u r n  t o  t h e  
Kuskokwim R i v e r .  The s h a l l o w  t u n d r a  l a k e s  become a n o x i c  i n  
w i n t e r ,  and s o  a  f a i l u r e  o f  t h e  a p p e a r a n c e  o f  f a l l  r a i n s  c o u l d  
r e s u l t  i n  t h e  d e a t h  o f  t r a p p e d  w h i t e f i s h .  C a t c h e s  o f  g r a v i d  and 
n o n - g r a v i d  f i s h e s  s u g g e s t  t h a t  t h e  w h i t e f i s h  spawn e v e r y  o t h e r  
y e a r .  T h i s  may b e  d u e  t o  a  g r o w i n g  s e a s o n  t h a t  is  t o o  s h o r t  f o r  
t h e  f i s h  t o  r e c o v e r  f rom t h e  s t r e s s e s  o f  s p a w n i n g .  F i s h  r e a d y  t o  
spawn s t a r t  l e a v i n g  t h e  l a k e s  i n  A u g u s t  and non-spawners  l e a v e  
b e t w e e n  S e p t e m b e r  and December.  S p a w n e r s ,  c a u g h t  i n  t h e  Kusko- 
kwim R i v e r  d u r i n g  t h e i r  u p r i v e r  m i g r a t i o n  i n  t h e  f a l l ,  a r e  
n o t i c e a b l y  " f a t t e r "  t h a n  non-spawners .  Spawning  b e g i n s  i n  t h e  
Kuskokwim R i v e r  i n  l a t e  O c t o b e r ,  when t h e  w a t e r  t e m p e r a t u r e  f a l l s  
t o  g O c ,  and c o n t i n u e s  t h r o u g h  e a r l y  December.  N e i t h e r  t h e  
s p a w n e r s  n o r  t h e  n o n - s p a w n e r s  f e e d  d u r i n g  t h e  f a l l  and w i n t e r .  

B a x t e r  ( 1 9 8 2 )  f o u n d  a  f ew b e h a v i o r a l  d i f f e r e n c e s  b e t w e e n  t h e  
humpback and b r o a d  w h i t e f  i s h e s .  H e  f o u n d  t h a t  t h e  humpback 
w h i t e f i s h  moved f a r t h e r  u p s t r e a m  and i n h a b i t e d  c l e a r e r  and 
s w i f t e r  p o r t i o n s  o f  t h e  s t r e a m  t h a n  d i d  t h e  b r o a d  w h i t e f i s h ,  
a l t h o u g h  t h e  humpback w h i t e f i s h  was a l s o  found  w h e r e v e r  t h e  b r o a d  
w h i t e f i s h  was f o u n d .  The f e e d i n g  h a b i t s  o f  t h e  two f i s h  were 
f o u n d  t o  b e  s i m i l a r ,  e x c e p t  i n  o n e  l a k e  w h e r e  t h e  humpback w h i t e -  
f i s h  f e d  on n e k t o n  and  t h e  b r o a d  w h i t e f i s h  f e d  on b e n t h i c  o r g a n -  
i s m s .  B a x t e r  a l s o  o b s e r v e d  t h a t  j u v e n i l e  b r o a d  w h i t e f i s h  moved 
o u t  o f  t h e  summer f e e d i n g  a r e a s  i n  a  r e l a t i v e l y  c o n c e n t r a t e d  
m i g r a t i o n  compared t o  t h e  m i g r a t i o n  o f  j u v e n i l e  humpback w h i t e -  
f i s h ,  which  was d i s p e r s e d  o v e r  s e v e r a l  months .  

V i n i n g  ( 1 9 8 2 )  s t u d i e d  t h e  f o o d  h a b i t s  o f  humpback w h i t e f i s h  i n  a  
s m a l l  l a k e  i n  t h e  u p p e r  Tanana R i v e r .  H e  f o u n d  t h a t  t h e  f i s h  
e n t e r e d  t h e  l a k e  i n  t h e  s p r i n g  t o  f e e d  and l e f t  i n  t h e  f a l l  t o  
spawn.  The f i s h ' s  f o o d  c o n s i s t e d  p r i m a r i l y  o f  c h i r o n o m i d s  and 
c l a d o c e r a n s .  The c h i r o n o m i d s  a p p e a r e d  t o  b e  more  i m p o r t a n t  when 
v i s i b i l i t y  was g o o d ,  i . e . ,  i n  s h a l l o w  w a t e r  and d u r i n g  d a y t i m e .  
The c l a d o c e r a n s  w e r e  more  i m p o r t a n t  d u r i n g  d u s k  and i n  d e e p  
w a t e r .  

A P o s s i b l e  D e c l i n e  i n  W h i t e f i s h  H a b i t a t  i n  t h e  CCR.  S h a l l o w  
l a k e s  a r e  a b u n d a n t  i n  t h e  Yukon F l a t s  and u p p e r  E a s t  F o r k  



Chandalar River basin and are thought to be important summer 
feeding areas for whitefish. Residents of both Arctic Village 
and Venetie told us that water levels in these l8kes have been 
declining over the past 3 f l  years and that whitefish harvests have 
also declined simultaneously. We examined weather records and 
aerial photographs to see if they were consistent with these 
reports. 

In permafrost regions, permafrost helps to prevent lakes from 
losing their water by lowering the permeability of the ground. 
The temperature of the permafrost layer may be increased by in- 
creases in mean annual temperature or mean annual precipitation 
(Williams 1970). If the temperature of the permafrost is close 
to its melting point, a small increase in temperature may result 
in a reduction of permafrost. Ironically, an increase in precip- 
itation may result in lower water levels in lakes in permafrost 
reg ions. 

Permafrost in the CCR is discontinuous and, thus, has an expected 
range in temperature between 0 and -5'~ (Williams 197fi). Perma- 
frost temperatures are not available for the CCR, but in the 
Fairbanks area Williams found temperatures around -0.7'~. Thus, 
permafrost in the CCR may be vulnerable to small increases in 
mean annual temperature and precipitation. 

U.S. Weather Bureau (1918-1980) records indicate that between 
1918 and 1980 the mean annual temperature in Fort Yukon increased 
by 0.9G°C (r=0.22, P<0.1) (Fig. 3), and, between 1918 and 1973, 
annual precipitation increased by 3.8 cm (r=P.25, P<0.1) (Fig. 
4). The increase in temperature at Fort Yukon is in agreement 
with a report by Hamilton (1965), who found increasing tenpera- 
ture trends in several areas of Alaska. In Fairbanks, Hamilton 
found a net increase of f l .6*C in the mean annual temperature 
between 1910 and 1962. During the period 1918 to 1962, the mean 
annual temperature in Fort Yukon increased by f l .7 '~ .  

Possible evidence of a warming trend in the CCR is given by 
McKennan (1965, p. 18). Older Natives told him that spruce, 
birch and tall willow trees had become common in the CCR in the 
1930s, where at an earlier time they had been scarce. However, 
these observations might also be explained as the recovery from a 
forest fire. 

Stereoscopic aerial photographs of the Venetie area (NASA 198fi) 
show two distinct water level benchmarks in lakes. The bench- 
marks indicate a drop in water level, possibly in two major 
stages. By comparing the height of the drop with the height of 
willows growing along the lake shores, the overall drop in lake 
levels appeared to be about 1 m, The resolution of aerial photo- 
graphs of the same area taken earlier (U.S.G.S. 1955) was not 
high enough to identify the benchmarks. 

These weather and photographic records are consistent with 
reports that lake levels in the Venetie area have been declining 
during the past 3f l  years, but they do not confirm them. 
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Figure. 3. Mean annual temperature at Fork Yukon. Alaska. 1918 
to 1980. 
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Figure 4. Annual precipitation at Fort Yukon, Alaska, 1918 to 
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F i e l d  S t u d i e s  

Chum Salmon 

On 23 March 1 9 8 2 ,  w e  v i s i t e d  a  s l o u g h  on t h e  C h a n d a l a r  R i v e r  
( 7  km u p s t r e a m  f rom ~ e n e t i e )  i n  which  chum s a l m o n  w e r e  known t o  
spawn.  A s m a l l ,  i c e - f r e e  a r e a  n e a r  t h e  bank o f  t h e  s l o u g h  
i d e n t i f i e d  a  submerged  s p r i n g .  E l s e w h e r e  i n  t h e  s l o u g h ,  i c e  
t h i c k n e s s  r a n g e d  f rom 60 c m  t o  90 c m .  W a t e r  d e p t h s  i n  t h e  
s l o u g h  r a n g e d  f rom a b o u t  2  t o  5 m ( F i g .  5 ) .  Twelve  chum a l e v i n s ,  
h a v i n g  a n  a v e r a g e  l e n g t h  o f  37  mm and a n  a v e r a g e  w e i g h t  o f  
258 mg, w e r e  r e c o v e r e d  f rom t h e  g r a v e l  i n  t h e  s p r i n g .  The 
a l e v i n s  had consumed t h e i r  y o l k  s a c s  and a p p e a r e d  t o  be  w i t h i n  
two weeks  o f  e m e r g e n c e .  I n t r a g r a v e l  w a t e r  t e m p e r a t u r e s  i n  t h e  
s p r i n g  were 1 . 2  t o  2 . 3 ' ~ ~  w h i l e  w a t e r  t e m p e r a t u r e  e l s e w h e r e  i n  
t h e  s l o u g h  was 0 ' ~ .  

W h i t e f i s h  

We a t t e m p t e d  t o  c o l l e c t  w h i t e f i s h  i n  f o u r  l a k e s  and i n  t h e  above-  
m e n t i o n e d  s l o u g h .  W e  were u n a b l e  t o  r e t u r n  t o  two o f  t h e  l a k e s - -  
Loon Lake a n d  V e n e t i e  Lake-- in  t h e  s p r i n g  b e c a u s e  t h e  V e n e t i e  
T r i b a l  Government  d i d  n o t  r e s p o n d  t o  o u r  r e q u e s t  t o  r e e n t e r  t h e  
r e s e r v a t i o n .  

Loon Lake .  L o c a t e d  n e a r  A r c t i c  V i l l a g e ,  Loon Lake is a p p r o x i -  
m a t e l y  1 . 6  km l o n g  and  i s  d r a i n e d  b y  a  c r e e k  t h a t  f l o w s  t h r o u g h  
t h e  v i l l a g e  i n t o  t h e  E a s t  F o r k  ~ h a n d a l a r  R i v e r  ( F i g .  6 ) .  Loon 
Lake a p p e a r s  t o  b e  t h e  l o w e s 5  l a k e  i n  a  l a k e  s y s t e m  t h a t  h a s  a  
t o t a l  s u r f a c e  a r e a  o f  6.4 km . 
Ward and  C r a i g  ( 1 9 7 4 )  r e p o r t e d  t h a t  Loon Lake is " m o d e r a t e l y  
d e e p "  and s u p p o r t s  a  p e r m a n e n t  n o r t h e r n  p i k e  p o p u l a t i o n .  C r a i g  
and Wells ( 1 9 7 5 )  examined  s i x  w h i t e f i s h  c a u g h t  i n  t h e  o u t l e t  
c r e e k  t o  Loon Lake on  26 J u n e  1 9 7 2 .  A l l  w e r e  b r o a d  w h i t e f i s h  
w i t h  l e n g t h s  f rom 42.8 t o  49 .5  c m ,  w e i g h t s  f rom 934 t o  1 , 5 6 1  g  
and a g e s  f r o m  7  t o  1 3  y e a r s  ( A p p e n d i x  T a b l e  2 ) .  

On 3 F e b r u a r y  1 9 8 2 ,  w e  examined  s i x  f i s h  t h a t  w e r e  c a u g h t  i n  Loon 
Lake by P e t e r  T r i t t ,  a  l o c a l  f i s h e r m a n .  T r i t t  c a u g h t  t h e  f i s h  
w i t h  a g i l l  n e t  t h a t  was  s e t  u n d e r  t h e  ice .  A l l  o f  t h e  f i s h  w e r e  
b r o a d  w h i t e f i s h .  The l e n g t h s  r a n g e d  f rom 39 t o  48 cm, and t h e  
a g e s  r a n g e d  f r o m  8 t o  1 3  y e a r s  ( A p p e n d i x  T a b l e  2 ) .  The s t o m a c h  
of  o n e  f i s h  was f u l l  o f  s m a l l  s n a i l s  (Lymnea a t k a e n s i s  and 
TTalvata s i n c e r a )  , c l a m s  ( S p h a e r i u m  n i t i d i u m )  sand u n i d e n t i f i e d  
o r g a n i c  m a t e r i a l .  W a t e r  t e m p e r a t u r e  was 0 .8  C and d i s s o l v e d  
o x y g e n  c o n c e n t r a t i o n  was 8  ppm. 

The m i g r a t i o n  p a t t e r n  o f  b r o a d  w h i t e f i s h  i n  t h e  E a s t  F o r k  is n o t  
known, b u t  a  model  c a n  b e  c o n s t r u c t e d  b a s e d  on  P e t e r  T r i t t ' s  
o b s e r v a t i o n s  a t  A r c t i c  V i l l a g e  and wha t  is  known o f  b r o a d  w h i t e -  
f i s h  e l s e w h e r e  i n  A l a s k a .  T r i t t  s a i d  t h a t  t h e  b r o a d  w h i t e f i s h  
t h a t  o v e r w i n t e r  i n  Loon Lake l e a v e  t h e  l a k e  a f t e r  ice  b r e a k - u p  i n  
t h e  E a s t  F o r k  ( p r o b a b l y  i n  l a t e  May).  T h e s e  f i s h  h a v e  f u l l  e g g  



sacs, are "fat", and have stomachs full of small snails an? 
clams. At the same time, other broad whitefish migrate up the 
East Fork. These fish have empty stomachs and are lean. Tritt 
also said that whitefish with empty egg sacs return to Loon Lake 
in August.. 

Similar observations were made by Bryan (1973) in the Porcupine 
River near Old Crow. Rryan observed that broad whitefish that 
had overwintered in Fish Lake had large amounts of visceral fat 
during their migration out of the lake in early June. On the 
other hand, broad whitefish captured at the same time in the 
Porcupine River and which had apparently overwintered in the 
Porcupine River were lean. 

A possible explanation of these observations is that the East 
Fork and porcupine River broad whitefish are non-consecutive 
spawners and alternate their overwintering areas: winters pre- 
ceding a spawning year are spent in a lake, and winters following 
spawning are spent in a river (Ken Alt and Rae Faxter, private 
communications). A possible reason for this is that access to 
the overwintering lakes may be cut off by late September when 
spawning is probably completed. The spawners would thus be 
forced to overwinter in the main river. Non-spawners appear to 
enter the lakes in August before the water levels fall. This 
model is rather speculative since it is based on only a few 
observations. 

Shovun Lake. Located 27 km north of Fort Yukon, Shovun Lake is 
part of an extensive network of creeks and lakes that empty into 
the Christian River (Fig. 7). To our knowledge, the fish 
resources of this system have not been previously investigated. 
Alexander's Village on the lake's outlet used to be an important 
fishing camp. 

We visited Shovun Lake 14-17 June 1982. The main body of the 
lake was about 18-11 m deep, while arms and near-shore areas were 
typically 2-3 m deep. Submerged vegetation indicated that the 
water level was about 1 m above normal at the time gf our visit. 
Surface water temperatures ranged from 16.0 to 28.8 C on lA June 
and 15 to 16'~ on 16 June. 

Roughly 140 m2 of gill net were fished for S P  hours. One broad 
whitefish, a 4-year-old, 279-mm-long male, was caught in a 
shallow bay on the west side of the lake. Another broad white- 
fish, an 8-year-old, 425-mm-long female, was caught in deep water 
at the center of the lake. The stomach contents of the two fish 
consisted of small clams and snails, organic muck and small 
(2- to 4-cm) reddish-colored leeches. 

Twentymile Lake. Located 38 km northwest of Fort Yukon (Fig. 8 ) ,  
Twentymile Lake is also part of the lake system that empties into 
the Christian River. Twentymile Lake used to be an important 
summer whit.efish subsistence fishing area (Silas John, resident 
of Venetie, and Rick Caulfield, ADF&G, personal communications). 



Local residents thought that whitefish overwintered in the lake 
(Dan Frank, personal communication). 

On 25 March 1982, we set 26 m of gill net (25- to lD8-mm stretch 
mesh) 50 cm under the ice at a location that Dan Frank said was 
the deepest area in the lake. Water depth, measured from the ice 
upper surface, was 5.3 m. Snow depth was 28 cm. Ice thickness 
was 1.2 m. Air temperature was -l6*~. One amphipod was washed 
up through the ice by the ice auger. 

The net was retrieved the next morging, 14 h later. No fish were 
captured, Water temperature was fl C and the dissolved oxygen 
concentration was 2.0 ppm. Surface water visibility was less 
than 1.2 m. Two vertical, 4.7-m plankton hauls were made with a 
15-cm-diameter, 243-um mesh net. Part of the sample leaked from 
its container, so an accurate plankton density couldn't be calcu- 
lated. From a visual estimate of at least 1,fl8D zooplankters in 
the original sample, we estimated that the zooplankton density 
was at least 6,200 organisms/m3, The sample was composed 
entirely of the copepod Cyclops sp. 

Shallow lakes become hypoxic in winter, while deeper lakes, 
generally those deeper than 5 m, may retain enough oxygen to 
support a winter whitefish population (Ken Alt, personal communi- 
cation). The 5.3-m depth that we observed in what we thought was 
the deepest point in Twentymile Lake was close to the critical 
depth. The low dissolved oxygen concentration that we observed 
was probably a result of the shallow depth and was probably too 
low for whitefish (Ken Alt, personal communication). 

Chandalar River. We found a calm, relatively deep pool in the 
Chandalar River near Venetie (Fig. 5) that looked like a likely 
place to find overwintering whitefish. On 23 March 1982, we set 
15 m of 10m- to 125-mm square mesh gill net under the ice at this 
location for 26 h. No fish were captured. 

Venetie Lake. Located 5 km east of Venetie in the Chandalar 
River drainage, Venetie Lake is about 3 km in diameter (Fig. 9). 
In past years, Venetie Lake and its outlet creek had a large 
summer population of whitefish which supported a local fishery 
between late May and early September (Hadleigh-West 1963; Silas 
John, Dan Frank and Rick Caulfield, personal communications). 
The native name for the fish 1/ and a sketch by Dan Frank of the 
fish's nuchal hump, brow and snout indicate that it was a broad 
whitefish, The main channel of Kocacho Creek used to flow 
through an arm of Venetie Lake (Fig. 11). Thus, the upstream 
portion of Kocacho Creek was one of the lake's inlets, and the 

1/ Dan Frank called the fish a "Che Sol" (our spelling). 
The ~ G t c h i n  name for broad whitefish is Chih Shoo in the 
Chandalar area (Peter 1979) and Chii sth in the Old Crow area 
(Steigenberger and Elson, 1977). 



d o w n s t r e a m  p o r t i o n  was t h e  l a k e ' s  o u t l e t .  w h i t e f i s h  p r o b a b l y  
e n t e r e d  and l e f t  t h e  l a k e  t h r o u g h  t h e  o u t l e t  c h a n n e l .  Most o f  
t h e  f i s h  were c a u g h t  i n  t h e  n a r r o w  p a s s a g e  t h a t  j o i n s  t h e  arm t o  
t h e  ma in  body  o f  t h e  l a k e .  A d r a i n a g e  a r e a  a b o u t  3 km w i d e  and 
1 3  km l o n g  on  t h e  n o r t h w e s t  s i d e  o f  ~ e n e t i e  Lake is c l e a r l y  
v i s i b l e  o n  a e r i a l  p h o t o g r a p h s .  Dan F r a n k  s a i d  t h a t  t h i s  a r e a  was 
o n c e  swampy and a n  i m p o r t a n t  w a t e r  s o u r c e  f o r  V e n e t i e  Lake.  

I n  t h e  l a t e  1 9 3 0 s  t h e  i n l e t  and  o u t l e t  w e r e  b l o c k e d  by n a t u r a l  
c a u s e s ,  and  t h e  c r e e k  e v e n t u a l l y  s h i f t e d  i t s  f l o w  t o  a n o t h e r  
s l o u g h  t o  t h e  e a s t  ( S i l a s  J o h n  and  Dan F r a n k ,  p r i v a t e  communica- 
t i o n s ) .  U . S . G . S .  a e r i a l  p h o t o s  c o n f i r m  t h a t  t h e  s h i f t  o c c u r r e d  
b e f o r e  1 9 5 5 .  V e n e t i e  Lake may h a v e  b e e n  f u r t h e r  i s o l a t e d  f rom 
Kocacho C r e e k  b y  a  d r y i n g  o f  t h e  o n c e  swampy w a t e r s h e d  on t h e  
n o r t h w e s t  s i d e  o f  t h e  l a k e .  Dan F r a n k  s a i d  t h a t  t h i s  a r e a  was 
now d r i e r  t h a n  i t  had  b e e n .  

On 2 2  March 1 9 8 2 ,  w e  d r i l l e d  1 3  t e s t  h o l e s  i n  t h e  l a k e  i ce  ( F i g .  
1 0 ,  Append ix  T a b l e  3 ) .  A i r  t e m p e r a t u r e  was 6 ' ~ .  Snow d e p t h  was 
30 c m  and  i ce  t h i c k n e s s  was 1 1 P  c m .  W a t e r  d e p t h s  ( i c e  s u r f a c e  t o  
b o t t o m )  r a n g e d  f rom 1 . 8  t o  3 .g  m. Wate r  t e m p e r a t u r e  was 8 . 1 ' ~ .  
D i s s o l v e d  o x y g e n  l e v e l s  r a n g e d  f rom 0 . 5  t o  2 .8  ppm. A m o d e r a t e -  
t o - s t r o n g  h y d r o g e n  s u l f i d e  o d o r  was n o t e d  a t  e a c h  h o l e .  ~ m p h i -  
p o d s ,  a b o u t  1 . 5  c m  l o n g ,  were b r o u g h t  up b y  t h e  ice  a u g e r  a t  s i x  
o f  t h e  t e s t  h o l e s  i n  d e n s i t i e s  f r o m  a b o u t  1 t o  20 p e r  l i t e r  o f  
w a t e r .  

On t h e  same d a y  w e  a l s o  i n s p e c t e d  p a r t  o f  t h e  o l d  Kocacho C r e e k  
c h a n n e l  l a b e l e d  " i n l e t '  i n  F i g u r e  11. T h i s  c h a n n e l  was r o u g h l y  
1 0  m w i d e  and had  s t e e p ,  2- t o  3-m h i g h  b a n k s .  The u p p e r  end o f  
t h e  c h a n n e l  b o t t o m  a p p e a r e d  t o  b e  a b o u t  1 .5 m h i g h e r  t h a n  t h e  i c e  
s u r f a c e  on  Kocacho C r e e k .  Two e a r t h - f i l l e d  dams,  a p p r o x i m a t e l y  
1 m h i g h ,  b l o c k e d  d i f f e r e n t  p a r t s  o f  t h e  i n l e t  c h a n n e l .  An 
a d d i t i o n a l  e a r t h - f i l l e d  dam was l o c a t e d  f rom t h e  a i r  on 2 6  March 
1982  o n  t h e  o l d  o u t l e t  c h a n n e l  o f  V e n e t i e  Lake ( F i g .  11). T h e s e  
dams a p p e a r e d  t o  b e  f i l l s  t o  a l l o w  h e a v y  e q u i p m e n t  t o  c r o s s  t h e  
c h a n n e l s . l /  - 

We d r i l l e d  a  h o l e  t h r o u g h  t h e  ice on  Kocacho C r e e k  on  22 March t o  
s e e  i f  w a t e r  was f l o w i n g  u n d e r  t h e  ice .  The ice  t h i c k n e s s  was 
1 . 9  m.  The w a t e r  l a y e r  u n d e r  t h e  i c e  was was 58 cm t h i c k ,  b u t ,  
b e c a u s e  o f  t h e  t h i c k n e s s  o f  t h e  i ce ,  we w e r e  u n a b l e  t o  e s t i m a t e  
t h e  f l o w .  The i ce  on Kocacho C r e e k  was t h i c k e r  t h a n  t h a t  on 
V e n e t i e  Lake b e c a u s e  o f  o v e r f l o w  i c e  f o r m a t i o n  on  t h e  c r e e k .  

A e r i a l  p h o t o g r a p h s  o f  t h e  o l d  i n l e t  and o u t l e t  c h a n n e l s  o f  Vene- 
t i e  Lake w e r e  t a k e n  o n  2 3  May 1 9 8 2  when w a t e r  l e v e l s  w e r e  t h o u g h t  
t o  h e  a t  t h e i r  h i g h e s t  o f  t h e  y e a r .  Kocacho C r e e k  was 

1/ L o c a l  r e s i d e n t s  s a i d  t h a t  a  h e a v y  e q u i p m e n t  t r a i l  was 
c o n s t r u c t e d  4 t o  6 y e a r s  a g o .  However,  i n  t h e  m i d d l e  o f  o n e  o f  
t h e  i n l e t  dams w e  f o u n d  a n  13.-year-old a l d e r .  



a p p r o x i m a t e l y  1 2  m wide  and a p p e a r e d  t o  b e  f l o w i n g  s w ' f t l y  and  a t  3 t h e  t o p  o f  i t s  b a n k s .  The f l o w  was e s t i m a t e d  a t  23  m /s u s i n g  
e s t i m a t e s  o f  d e p t h  and  v e l o c i t y  o f  3 m and  6 1  cm/s ( 2  f t / s ) .  
W a t e r  was  more  v i s i b l e  o n  t h e  u p s t r e a m  s i d e  o f  t h e  two i n l e t  
c h a n n e l  dams t h a n  o n  t h e  d o w n s t r e a m  s i d e  which  made i t  a p p e a r  
t h a t  t h e  dams were b l o c k i n g  t h e  f l o w  o f  Kocacho C r e e k  w a t e r  i n t o  
t h e  i n l e t  c h a n n e l .  The swampy a r e a  t o  t h e  n o r t h w e s t  o f  t h e  l a k e  
was  v e r y  w e t  and  a p p e a r e d  t o  b e  t h e  m a j o r  s o u r c e  o f  w a t e r  f o r  t h e  
l a k e .  D i s c h a r g e  f rom t h e  l a k e  was b a c k e d  up  on  t h e  u p s t r e a m  s i d e  
o f  t h e  o u t l e t  c h a n n e l  dam. T h u s ,  e v e n  d u r i n g  p e r i o d s  o f  h i g h  
w a t e r ,  t h e  l a k e  a p p e a r e d  t o  b e  c u t  o f f  f r o m  t h e  s t r e a m  s y s t e m .  

I n  summary, o u r  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h r e e  f a c t o r s  h a v e  
c o n t r i b u t e d  t o  t h e  l o s s  o f  w a t e r  i n  t h e  o u t l e t  c h a n n e l ,  t h e  r o u t e  
by  w h i c h  w h i t e f i s h  would  p r o b a b l y  e n t e r  and  l e a v e  V e n e t i e  Lake:  

1. Kocacho C r e e k  h a s  s h i f t e d  f r o m  t h e  o l d  c h a n n e l  t o  t h e  
p r e s e n t  c h a n n e l  t h a t  b y p a s s e s  t h e  l a k e .  

2. The  i n l e t  dams ( F i g .  11) make i t  more  d i f f i c u l t  f o r  Kocacho 
C r e e k  w a t e r  t o  f l o w  t h r o u g h  t h e  o l d  c h a n n e l  d u r i n g  p e r i o d s  o f  
h i g h  w a t e r .  

3. P r e s e n t l y ,  V e n e t i e  L a k e ' s  ma in  w a t e r  s o u r c e  is t h e  swampy 
w a t e r s h e d  o n  t h e  l a k e ' s  n o r t h w e s t  s i d e .  The d i s c h a r g e  o f  
t h i s  w a t e r  t h r o u g h  t h e  o l d  c h a n n e l  i s  h i n d e r e d  b y  t h e  o u t l e t  
dam ( F i g .  11). 



4.2 4.2 

Open Lead in Ice 

, 

F i g u r e  5. Map o f  a  C h a n d a l a r  R i v e r  s p r i n g  and b a c k w a t e r  7 km 
u p s t r e a m  f rom V e n e t i e .  W a t e r  d e p t h s ,  m e a s u r e d  f rom t h e  t o p  
s u r f a c e  o f  t h e  i ce  on 2 3  March 1 9 8 2 ,  a r e  shown i n  m e t e r s .  



F i g u r e  6 .  Map o f  the Loon L a k e  s y s t e m  n e a r  A r c t i c  V i l l a g e .  



Figure 7. Map of Shovun Lake and interconnecting lakes 27 km 
north o f  Fort Yukon. 



Figure 8. Map of Twentymile Lake and neighboring lakes 30 km 
northwest of Fort Yukon. 
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Figure 9. Map of  Venetie Lake and Kocacho Creek near Venetie. 



F i g u r e  1 0 .  Map o f  V e n e t i e  Lake showing  l o c a t i o n s  of  t e s t  h o l e s  
d r i l l e d  on 22 March 1982 .  
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Factors Limiting Fish Production in the CCR 

Salmon 

The reasons for the absence of chinook salmon in the Chandalar 
River and the absence of chum salmon in the North, Middle and 
East Forks are not clear. Three possible factors are low water 
temperature, low food abundance and poor water quality. 

Water temperatures in the Chandalar River near Venetie normally 
remain at B°C from early October to early May (U.S.G.S. 1968- 
1974) (Appendix Table 6). In contrast, temperatures in the Chena 
River (280 km south of the CCR) remain at P 4 C  from about late 
November to early March (Frey et al. 197fl, Table 7), a much 
shorter period. The lower temperatures in the Chandalar ~ i v e r  
make it more difficult for chum and chinook eggs and alevins to 
develop in time for a spring emergence, 

Low food abundance is another possible factor limiting chum 
salmon, but few data are available to confirm this. ~ r a i g  and 
Wells (1975) measured densities of benthic invertebrates in the 
East Fork of the Chandalar River about 50 km upstream from Arctic 
Village in late July. They found a relatively low density of 18 
organisms/m' in the main river and higher densities of 321 and 
1,562 organisms/m* in nearby tributaries. In contrast, benthic 
invertebrate densities in the Chena River near Fairbanks averaged 
over 3,D00 organisrns/m* in July and August (Frey et al. 1970). 

Water quality may also be a problem in the upper parts of the 
Chandalar River drainage. High concentrations of metals have 
been found in stream sediments in the upper North and ~ i d d l e  
Forks (Brosge' and Reiser 1972)- Concentrations ranged as high 
as 0.2 pprn gold, 160 pprn silver, 408 pprn zinc, 15 ppm antimony, 
15 pprn molybdenum, 90 pprn copper and 1,0Pfl pprn lead (where pprn 
refers to parts per million parts of sediment). concentrations 
of these metals in the water were not reported and cannot be 
accurately inferred from the concentrations in the sediments. 

Recommended maximum concentrations of iron and manganese for 
aquaculture are 100 and 18 ppb, respectively (ADF&G 1977). Water 
samples taken from the upper East Fork of the Chandalar River at 
Arctic Village in May 1.979 an6 June 1988 had iron and manganese 
concentrations 20 times these levels (Appendix Tables 7 and 8). 
In contrast, concentrations in winter at the same location were 
generally lower. A January water sample (Appendix Table 9) had 
undetectable amounts of iron and manganese, and a March water 
sample (U .S .  Geological Survey 1971) contained 150 ppb iron and 
40 ppb manganese. The lower levels in winter suggest that the 
high springtime concentrations arose from drainage of mineralized 
soils. 



G r a y l i n g ,  s c u l p i n  and  o t h e r  f i s h e s  l i v e  i n  t h e s e  w a t e r s  b u t  may 
h a v e  g r e a t e r  t o l e r a n c e s  f o r  m e t a l  p o l l u t a n t s  t h a n  s a l m o n .  I n  o n e  
m i n e r a l i z e d  a r e a  i n  n o r t h w e s t e r n  A l a s k a ,  s c u l p i n ,  a r c t i c  c h a r  
( S a l v e l i n u s  a l p i n u s )  and g r a y l i n g  w e r e  f o u n d  t o  i n h a b i t  w a t e r s  
c l o s e r  t o  t h e  s o u r c e  o f  c o n t a m i n a t i o n  t h a n  chum and p i n k  0. g o r -  - p 

b u s c h a )  s a l m o n  (Dames and P o o r e ,  I n c .  1 9 8 1 )  . 
W a t e r  q u a l i t y  i n  t h e  ma in  f o r k  o f  t h e  C h a n d a l a r  R i v e r  ( w h e r e  chum 
s a l m o n  a r e  f o u n d )  a p p e a r s  more  s u i t a b l e  f o r  f i s h ,  Each o f  s e v e r -  
a l  w a t e r  s a m p l e s  t h a t  were t a k e n  i n  J u l y  1977  f r o m  t h e  C h a n d a l a r  
River  n e a r  V e n e t i e  ( A p p e n d i x  T a b l e  1 0 )  met a q u a c u l t u r e  w a t e r  
q u a l i t y  s t a n d a r d s  (ADF&G 1 9 7 7 ) .  The d e n s i t y  o f  b e n t h i c  i n v e r t e -  
b r a t e s  h a s  n o t  b e e n  m e a s u r e d  i n  t h e  m a i n  f o r k .  

W h i t e f i s h  

Broad  a n d  humpback w h i t e f i s h  i n  t h e  CCR a p p e a r  t o  b e  among t h e  
s l o w e s t  g r o w i n g  p o p u l a t i o n s  o f  t h e s e  s p e c i e s  i n  t h e  s t a t e .  The  
a g e - l e n g t h  r e l a t i o n s h i p  o f  1 4  b r o a d  w h i t e f i s h  t a k e n  f r o m  two 
l a k e s  i n  t h e  CCR ( A p p e n d i x  T a b l e  2 )  i s  s i m i l a r  t o  t h a t  r e p o r t e d  
f o r  p o p u l a t i o n s  i n  t h e  Imuruk B a s i n  a n d  S a g a v a n i r k t o k  R i v e r  ( A l t  
1 9 7 6 )  . Each o f  t h e s e  p o p u l a t i o n s  was r e l a t i v e l y  s l o w - g r o w i n g ,  
compared t o  p o p u l a t i o n s  e x a m i n e d  b y  A l t  f rom t h e  H o l i t n a  R i v e r ,  
M i n t o  F l a t s  and  t h e  P o r c u p i n e  ~ i v e r .  The  g r o w t h  r a t e s  o f  hump- 
b a c k  w h i t e f i s h  f r o m  C h a n d a l a r ,  Old  J o h n  and Squaw L a k e s  ( P e a r s e  
1 9 7 8 )  a r e  a l s o  l o w ,  compared  t o  t h e  g r o w t h  r a t e s  o f  p o p u l a t i o n s  
f r o m  s e v e r a l  o t h e r  p a r t s  o f  t h e  s t a t e  ( A l t  1 9 7 9 ) .  A l t  s p e c u l a t e d  
t h a t  t h e  s l o w  g r o w t h  r a t e s  o f  b r o a d  a n d  humpback w h i t e f i s h  i n  t h e  
N o r t h  S l o p e  and  i n  n o r t h w e s t e r n  A l a s k a  m i g h t  b e  d u e  t o  s h o r t e r  
g r o w i n g  s e a s o n s  i n  t h e s e  a r e a s .  Low f o o d  a v a i l a b i l i t y  and  g e n e t -  
i c  f a c t o r s  were s u g g e s t e d  a s  s e c o n d a r y  c a u s e s .  I t  is  odd t h a t  
b r o a d  a n d  humpback w h i t e f i s h  g r o w  more  s l o w l y  i n  l a k e s  i n  t h e  CCR 
t h a n  t h e y  d o  i n  t h e  n e a r b y  P o r c u p i n e  R i v e r .  A l t  ( p r i v a t e  commu- 
n i c a t i o n )  s p e c u l a t e d  t h a t  t h i s  d i f f e r e n c e  i n  g r o w t h  r a t e s  m i g h t  
a l s o  b e  d u e  t o  a  s h o r t e r  g r o w i n g  s e a s o n  s i n c e  t h e  l a k e s  m i g h t  
warm more  s l o w l y  i n  t h e  s p r i n g  t h a n  t h e  r i v e r s .  

The  w h i t e f i s h  p o p u l a t i o n  i n  t h e  CCR may h a v e  d e c l i n e d  i n  t h e  p a s t  
38  y e a r s  a s  l o c a l  r e s i d e n t s  c l a i m .  W e  were u n a b l e  t o  f i n d  a n y  
d i r e c t  e v i d e n c e  t o  s u p p o r t  t h i s ,  b u t  we d i d  f i n d  i n d i c a t i o n s  t h a t  
l a k e  l e v e l s  h a v e  d r o p p e d .  L a k e s  a r e  i m p o r t a n t  summer f e e d i n g  
a r e a s  f o r  w h i t e f i s h  and  may become i n a c c e s s i b l e  f rom t h e  s t r e a m  
s y s t e m  when w a t e r  l e v e l s  a r e  low.  Near  t h e  v i l l a g e s ,  man-made 
f a c t o r s  may a l s o  b e  i m p o r t a n t .  Damming o f  t h e  t h e  i n l e t  and  o u t -  
l e t  c h a n n e l s  t o  V e n e t i e  Lake h a s  c o n t r i b u t e d  t o  t h e  l o w  w a t e r  
l e v e l  i n  t h e  l a k e  and  h a s  made i t  u n l i k e l y  t h a t  f i s h  c o u l d  r e a c h  
t h e  l a k e  f r o m  Kocacho C r e e k  d u r i n g  t h e  h i g h - w a t e r  p e r i o d  i n  t h e  
s p r i n g .  A t  Arc t i c  V i l l a g e ,  c u l v e r t s  o n  t h e  i n l e t  c h a n n e l  t o  Loon 
Lake a n d  p o t e n t i a l  r u n - o f f  o f  p o l l u t e d  w a t e r  f r o m  t h e  new a i r p o r t  
i n t o  Loon Lake may h a v e  made t h i s  l a k e  l e s s  a t t r a c t i v e  t o  w h i t e -  
f i s h .  A l s o ,  t h e  p o p u l a t i o n s  i n  t h e s e  v i l l a g e s  h a v e  more  t h a n  
t r i p l e d  b e t w e e n  1 9 3 9  and  1 9 7 0  ( U , S .  D e p a r t m e n t  o f  Commerce 1 9 5 0 ,  
1 9 7 0 )  a n d  may h a v e  c o n t r i b u t e d  t o  o v e r f i s h i n g .  hle c o n c l u d e  t h a t  



a decline in the whitefish population in the CCR is possible, but 
difficult to confirm. 

Rehabilitation and Enhancement Opportunities 

Salmon 

An attempt to identify water sources for a salmon hatchery pri- 
marily consisted of a search of the literature on waters in the 
CCR. Bodies of water previously investigated and the type of 
data available on them are given in ~ppendix Table 4. A summary 
of additional information on 13 springs in the CCR is given in 
Appendix Table 5. 

It appears that none of these sites or springs is suitable for a 
conventional flow-through salmon hatchery because of low water 
temperature, low water flow or poor access. Other types of sal- 
mon enhancement, such as instream incubation, planting of eyed 
eggs and rehabilitation of spawning habitat (McLean and Raymond, 
1981, p 3g), are probably infeasible because of the remoteness of 
most of the CCR. 

Fall chum and chinook salmon could probably be successfully pro- 
duced at either Venetie or Arctic Village (by using recirculated 
water for incubating chum eggs and by releasing chinook finger- 
lings in the fall I/), but salmon enhancement in the CCR present- 
ly appears unwise 'Tor five reasons. (1) Both of the above 
methods are experimental and need further testing before they 
could be used on a large scale. (2) Most of the salmon produced 

1/ Fall chum salmon spawn in springs where water tempera- 
tures-are slightly higher than they are in the main river in 
winter. Fall chum salmon eggs could be incubated in a small 
hatchery in which most of the water is recirculated to reduce 
heating costs. Although additional testing is needed, it is 
expected that such a hatchery could incubate one million eggs 
with a flow of only lfl liters of water per minute (Raymond 1981; 
Raymond, unpublished data) . 
Chinook eggs do not appear to require elevated water temperatures 
throughout the winter since they remain in the gravel for a long- 
er period than chum eggs. Chinook eggs could thus probably be 
incubated with river water at ambient temperature. Chinook sal- 
mon also differ from chum salmon in that they require a year of 
rearing in fresh water before they migrate to sea. It is proba- 
bly uneconomical to keep chinook salmon fry for a full year in a 
remote facility, but a large part of the rearing and holding 
costs could be avoided by releasing the chinook salmon as finger- 
lings in the fall before freeze-up. A fall release would not 
put as great a strain on the local food supply as would a summer 
release because chinook fingerlings would not feed actively 
during the winter months. 



i n  t h e  CCR would  b e  c a u g h t  i n  t h e  Yukon R i v e r  f i s h e r i e s  r a t h e r  
t h a n  i n  t h e  CCR. ( 3 )  The q u a l i t y  o f  t h e  r e t u r n i n g  s a l m o n  a f t e r  
t h e i r  l o n g  u p s t r e a m  m i g r a t i o n  would  p r o b a b l y  b e  m a r g i n a l .  T h i s  
i s  r e f l e c t e d  i n  t h e  r e d u c e d  f i s h i n g  e f f o r t  f o r  chum s a l m o n  i n  t h e  
CCR a s  o t h e r  f o o d s  h a v e  become a v a i l a b l e  i n  r e c e n t  y e a r s .  ( 4 )  
W a t e r  q u a l i t y  i n  t h e  E a s t  F o r k  o f  t h e  C h a n d a l a r  R i v e r  may n o t  b e  
s u i t a b l e  f o r  s a l m o n .  ( 5 )  P e r h a p s  m o s t  i m p o r t a n t l y ,  t h e  c a r r y i n g  
c a p a c i t y  o f  t h e  C h a n d a l a r  R i v e r  f o r  j u v e n i l e  f i s h  is  unknown and  
c o u l d  e a s i l y  b e  e x c e e d e d  b y  a  l a r g e  r e l e a s e  o f  s a l m o n .  T h i s  
c o u l d  a l s o  harm t h e  w i l d  chum s a l m o n  s t o c k s .  

W h i t e f i s h  

I f  r e p o r t s  t h a t  t h e  w h i t e f i s h  p o p u l a t i o n  i n  t h e  CCR h a s  d e c l i n e d  
i n  t h e  l a s t  30  y e a r s  a r e  t r u e ,  how m i g h t  t h e  w h i t e f i s h  b e  r e h a -  
b i l i t a t e d ?  Humpback w h i t e f i s h  h a v e  b e e n  p r o d u c e d  i n  h a t c h e r i e s  
i n  Canada s i n c e  t h e  e a r l y  1 9 0 0 s ,  b u t  t h e r e  is l i t t l e  e v i d e n c e  
t h a t  t h e  h a t c h e r y - p r o d u c e d  f i s h  h a v e  r e s u l t e d  i n  i n c r e a s e d  c a t c h -  
e s  (Mil le r  1946 ;  Dymond 1955; L a p w o r t h  1 9 5 6 ) .  Mil ler  b e l i e v e d  
t h a t  f o o d  a v a i l a b i l i t y  was  t h e  l i m i t i n g  f a c t o r .  The c a u s e  o f  t h e  
l o w  g r o w t h  r a t e s  o f  b r o a d  a n d  humpback w h i t e f i s h  i n  t h e  CCR is 
n o t  known, b u t  l o w  f o o d  a v a i l a b i l i t y  i s  a  p o s s i b i l i t y .  I n  view 
o f  t h e  e x i s t i n g  l a c k  o f  knowledge  on f o o d  a v a i l a b i l i t y  i n  t h e  
CCR, f u r t h e r  s t u d y  o f  t h i s  s u b j e c t  s h o u l d  p r e c e d e  a n y  p l a n s  f o r  
h a t c h e r y  d e v e l o p m e n t .  F o r  t h e  p r e s e n t ,  h a b i t a t  improvement  a t  
V e n e t i e  Lake a n d  Loon Lake a p p e a r s  t o  b e  t h e  s a f e s t  and  m o s t  
w o r t h w h i l e  c o u r s e  o f  a c t i o n  f o r  w h i t e f i s h  r e h a b i l i t a t i o n  i n  t h e  
CCR. 

V e n e t i e  Lake .  The l o s s  o f  a  summer w h i t e f i s h  p o p u l a t i o n  i n  
V e n e t i e  Lake a p p e a r s  t o  b e  t h e  r e s u l t  o f  i s o l a t i o n  o f  t h e  l a k e  
f r o m  Kocacho C r e e k  b y  n a t u r a l  o r  man-made c a u s e s .  P o s s i b l e  n a t u -  
r a l  c a u s e s  i n c l u d e  a  l o w e r i n g  o f  w a t e r  l e v e l s  and  a  m i g r a t i o n  o f  
Kocacho C r e e k  away f r o m  V e n e t i e  Lake.  P o s s i b l e  man-made c a u s e s  
a r e  t h e  t h r e e  e a r t h e n  dams t h a t  b l o c k  t h e  l a k e ' s  i n l e t  and  o u t l e t  
c h a n n e l s .  

A l t h o u g h  w e  a r e  n o t  s u r e  w h i c h  of t h e s e  f a c t o r s  i s  m o s t  i m p o r t -  
a n t ,  t h e  s m a l l  c o s t  f o r  r e m o v i n g  t h e  dams s h o u l d  make t h i s  p r o j -  
e c t  w e l l  w o r t h  u n d e r t a k i n g .  W h i t e f i s h  move u p s t r e a m  i n t o  l a k e s  
f o r  summer f e e d i n g .  T h u s ,  r e m o v a l  o f  t h e  e a r t h e n  dam t h a t  is  
c u r r e n t l y  b l o c k i n g  t h e  o u t l e t  c h a n n e l  ( F i g .  11) may b e  a l l  t h a t  
i s  n e e d e d .  I n  t h e  s p r i n g  t h e  i n f l u x  o f  w a t e r  f r o m  t h e  swampy 
d r a i n a g e  a r e a  o n  t h e  n o r t h w e s t  s i d e  o f  V e n e t i e  Lake may p r o v i d e  
e n o u g h  d i s c h a r g e  f r o m  t h e  l a k e  t o  a l l o w  w h i t e f i s h  t o  e n t e r  f r o m  
Kocacho C r e e k .  However,  s i n c e  w e  a r e  n o t  c e r t a i n  t h a t  t h e  o u t -  
f l o w  would  b e  s u f f i c i e n t ,  t h e  e a r t h e n  dams t h a t  a r e  b l o c k i n g  
p a r t s  o f  t h e  i n l e t  c h a n n e l  s h o u l d  a l s o  b e  removed s i n c e  t h e y  may 
b e  p r e v e n t i n g  w a t e r  f r o m  e n t e r i n g  t h e  l a k e  d u r i n g  p e r i o d s  o f  h i g h  
w a t e r  i n  Kocacho C r e e k .  



If removal of the dams fails to reconnect Venetie Lake to Kocacho 
Creek, extension of the inlet channel to a point farther upstream 
on Kocacho Creek should provide enough water to the lake to keep 
the outlet channel open. 

The hypoxic water that we observed in Venetie Lake in March 
should not be a deterrent to whitefish since many lakes inhabited 
by whitefish in the summer become hypoxic in winter after the 
fish leave the lakes. The loss of ice cover and influx of water 
in the spring should raise the oxygen levels to acceptable levels 
for whitefish. 

Loon Lake. In recent years, two adjacent culverts were placed in 
the outlet creek of the Loon Lake system to accommodate a new 
road, and the Arctic Village airport was extended near the lake. 
Local residents have said that the whitefish catch in this creek 
has dropped since these projects were completed and wondered 
whether the projects were responsible (Trimble Gilbert and Rill 
Bjork, personal communications). We observed both the culverts 
and the airport extension on 3 February 1982. The culverts were 
approximately 15 m long and 1 m in diameter. The bottoms of both 
ends of the culverts were approximately 3@ to 48 cm above the ice 
surface in the creek. Thus, an earthfill supporting the culverts 
appeared to be blocking the flow in the creek during periods of 
low water. The airport extension, which included an airplane 
parking and fueling apron, was made on the airport's north end. 
This area is located about 250 m from Loon Lake on a slight rise 
which slopes into the lake. Local residents did not know of any 
past oil spills. 

In order to determine if the Loon Lake whitefish population has 
declined, several factors need to be investigated. In the outlet 
creek, these include hydrocarbon levels, fishing pressure, water 
velocities and flows in the culvert during the migration periods. 
In the lake, these factors include temperatures, dissolved oxygen 
levels, depths (which determine winter dissolved oxygen levels), 
abundance of food and competition from other fishes. We also 
need to determine if the entire Loon Lake system is accessible to 
fish movement. It is possible that some of the interconnecting 
channels may have become impassable to fish movement, thus reduc- 
ing the amount of available fish habitat. 

Local Opinions Concerninq Rehabilitation and Enhancement 

Residents of Venetie and Arctic Village appeared to strongly 
favor maintaining a subsistence fishery for salmon and whitefish 
in the Chandalar River. None of the local residents whom we 
contacted wanted to develop a commercial salmon or whitefish 
fishery. 

One resident of Arctic Village (Sam Sam, personal communication) 
and several residents of Venetie (Dan Frank, Eddie Frank, and 
Silas John, personal communications) were concerned that a 



gradual drying of local lakes would reduce the whitefish popula- 
tion. 

In Venetie, several older people expressed a desire to rehabili- 
tate Venetie Lake to provide a local source of whitefish.   he 
village council previously had considered using a bulldozer to 
reopen the lake outlet channel but has not acted because of per- 
mit restrictions and uncertainity of what to do. 

Residents of Arctic Village who want to fish for chinook salmon 
for subsistence now go to Fort Yukon or Venetie Landing since 
chinook salmon are not found in the East Fork of the Chandalar 
River. Several residents said that they would like the State to 
develop a local chinook salmon subsistence fishery by releasing 
chinook salmon fry near Arctic Village. The village council had 
previously discussed this idea. 
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Appendix Table 1. Chandalar River fall chum and chinook salmon 
subsistence catches and escapements, 1961-1981. 1/ Subsistence 
catches are for Venetie Village. No chinook salmon were observed 
during escapement surveys. 

Chinook Chum 
Year Catch Catch Escapement 

1962 - 1, 08C? 
1963 - - 

208 
1964 - 
1965 - 9,856 
1966 - 1,098 
1967 - 2,626 
1968 - 551 
1969 7 3,116 
1970 10 2,408 
1971 - 801 
1972 - - 50 
1973 418 
1974 - - 17,455 
1975 - 2,4111 6,345 4/ 
1976 - 588 - 58 z/ 
1977 

- 
1,660 4,183 

1978 9 2,6015 - 
1979 0 3,943 - 
1988 16fl 2,730 2,986 
1981 - 1,450 3/ - 4,986 5 /  
1982 - - 1, 126 71 - 

1/ Geiger and Andersen, 1980. - 
2/ ADF&G, 1982. - 
3/ Preliminary estimate. - 
4/ Poor or incomplete survey; minimal estimate. 
5 /  Fair-poor survey; more fish present. 



Appendix Table 2. Age and length of broad whitefish, Coregonus 
nasus, caught in the Chandalar-Christian Rivers area. 

Location Ag e Length (mm) 

Loon Lake 8 
8 
9 

12 
13 
13 

Loon Lake 1/ - 7 
8 
9 

10 
10 
13 

Shovun Lake 4 
6 

1/ Peter Craig, LGL Ltd., Sydney, British Columbia, private - 
communication. Fish were collected in 1972 and aged from 
otoliths. 



Append ix  T a b l e  3. D e p t h s  and w a t e r  q u a l i t y  m e a s u r e m e n t s  a t  
V e n e t i e  L a k e ,  22 March 1987 .  The l a k e  w a t e r  a t  e a c h  s i t e  was 
o r g a n i c a l l y  s t a i n e d .  

S i t e  D e p t h  - 1/ H S o d o r  
# ( m )  Amphipods - 2/ Comments - 3/ 2  

1 1 . 7 5  s t r o n g  8  2.m ppm P.O., 8 . 1 ' ~  
2 2.90 s t r o n q  fl f l . l Q C :  

s t r o n g  
s t r o n g  
s t r o n g  
s t r o n g  
weak 
weak 
weak 
weak 
weak 

s t r o n g  
weak 

5  
2-3 

15-28 
2 

<1 
67 
0 
0 fl.5Oc 
G1 a l g a e  on  u n d e r s i d e  o f  

i c e  
1FI 

FI 

1/ A s  m e a s u r e d  f rom i c e  u p p e r  s u r f a c e .  I c e  t h i c k n e s s  was 1.1 m.  - 
2/ A p p r o x i m a t e  number p e r  l i t e r  o f  w a t e r  b r o u g h t  t o  s u r f a c e  b y  - 

t h e  i c e  a u g e r .  
3/ D . O .  i s  d i s s o l v e d  o x y g e n ;  t e m p e r a t u r e s  a r e  s u r f a c e  w a t e r  - 

t e m p e r a t u r e s  i n  t h e  i ce  h o l e .  



Appendix Table 4. Sources of information on various water bodies 
in the Chandalar-Christian Rivers area. Numbers in parentheses 
in the location column are the number of sites at that general 
location. Numbers in parentheses in the type of data column are 
references explained at the bottom of the table. 

Location Type of Data 

Ackerman Lake Water quality, temperature and fish 
surveys (1,2,3) 

Bearman Cabin, Historic fish distributions and 
near Venetie utilization (3,4) 

Big Creek, near 
Chandalar Lake 

Stream sediment metal concentrations (5) 

Big Fish Lake Fish surveys ( 6 , 7 )  

Big Joe Creek, Stream sediment metal concentrations (5) 
near Chandalar Lake 

Big Lake, near 
Chandalar Lake 

Blackfish Lake, 
near A.V. 

Water quality, temperature and fish 
surveys ( I . ,  2) 

Water quality, temperature and fish 
surveys (6) 

Cane Creek (4), Water quality, benthic invert. and fish 
near A.V. surveys (6) 

Fish surveys (8) 

Hydrologic surveys (9) 

Chandalar Lake Water quality, temperature and fish 
surveys (10,1,2) 

Chandalar River Water quality, temperature and fish 
at A.V. surveys (11,8,12) 

Chandalar River Water quality and quantity (13,14) 
at Chuttoh Bluffs 

Chandalar River Water quality, temperature and fish 
East Fork (4) surveys (6) 

Hydrologic surveys (9) 

(continued) 



Appendix Table 4. (Continued) 

Location Type of data 

Chandalar River Water quality, temperature and fish 
Unnamed Tributaries surveys (6,8,11) 
on East Fork (10) 

Hydrologic surveys (9) 

Chandalar River 
Middle and 
North Forks 

Chandalar River 
at Venetie 

Fish surveys (1) 

Stream sediment metal concentrations (5) 

Water quality (12) 

Chandalar River Water temperature, water depths and pre- 
Spring tl emergent chum salmon fry collection (15) 

Chandalar River Fish surveys (1.6) 
Spring 82  

Christian River Fish surveys and salmon escapements (17) 

Deadman Creek, 
near A.V. 

Water quality and fish surveys (6) 

Gold Camp, at N. Historic fish distribution and 
Fk. of the E. Fk. utilization (3) 
Chandalar River 

Junj ik Lake, 
near A.V. 

Water quality, temperature and fish 
surveys (6) 

Junjik River, (5) Water quality, temperature and fish 
near A.V. surveys (6) 

Little squaw Creek, Stream sediment metal concentrations (5) 
near Chandalar Lake 

Loon Lake, 
A.V. 

Water quality, temperature and fish near 
surveys (6) 

Lower Fish Camp, Historic fish distribution and 
near Suko utilization (18,3,4) 

Lush Creek, near Historical fish distribution (19) 
Big Rock Mtn. 

(continued) 



Appendix Table 4 .  (Continued) 

Location Type of data 

Old John Lake 

Redf ish Lake, 
near A.V. 

Water quality, temperature and fish 
surveys (2,6,7) 

Fish utilization (20) 

Water quality, temperature and fish 
surveys (6) 

Red Sheep Creek, Water quality and fish surveys ( 6 )  
near A.V, 

Shovun Lake Water temperature, lake depths and fish 
survey (15) 

Squaw Creek, near Stream sediment metal concentrations (5) 
Chandalar Lake 

Squaw Lake, near Water quality, temperature and fish 
Chandalar Lake surveys (18,1,2) 

Spring Creek ( 2 ) ,  Water quality, temperature and fish 
near A.V. surveys (6) 

Suko Historic fish distribution and 
utilization (18,3) 

Tobin Creek, near Stream sediment metal concentrations (5) 
Chandalar Lake 

Twentymile Lake Historic fish distribution and 
utilization (3) 

Water temperature, D.O., depths and 
invertebrate sampling (15) 

Twin Lakes, near Water quality, temperature and fish 
Chandalar Lake surveys (1,2) 

Unnamed Lake near Water temperature, 0 ,0 . ,  and fish 
Arctic Village survey (6) 
National Guard Armory 

Unnamed Lakes near Water quality, temperature and fish 
Cane Creek (8) surveys (6) 

(continued) 



Appendix Table 4. (Continued) 

Location Type of data 

Unnamed Lake near 
Junjik River 

Unnamed Lake, head- 
waters North Fork 
of the East Fork 
Chandalar River 

Unnamed Tributary 
Squaw Lake 

Unnamed Tributary 
Big Creek 

Venetie Lake 

Vettatrin Lake, 
near A.V. 

Vunittsieh Lake, 
near A.V. 

Fish distribution (21) 

Fish distribution (3) 

Stream sediment metal concentrations (5) 

Stream sediment metal concentrations (5) 

Water temperature, D.0. and depths (15) 

Water temperature and fish surveys (6) 

Water quality, temperature and fish 
surveys (1,2) 

References: 1. Kramer 1975. 2. Pearse 1978. 3. Dan Frank, 
Venetie Village, personal communication. 4. Silas John, Venetie 
Village, personal communication. 5. Brosge' and Reiser 1972. 
6. Ward and Craig 1974. 7, Craig and Flells 1975. 8. Craig 
and McCart 1974. 9. Childers et a l .  1973. 18. Roguski 1968. 
11. McCart 1974. 12. Alaska Dept. of Environmental Conserva- 
tion, unpublished data 1981. 13. United States Geolical Survey, 
Anchorage, AK, unpublished data 1981. 14. Norwood 1968. 15. 
This report. 15, Louis Barton, Alaska Department of Fish & 
Game, Fairbanks, personal communication 1982. 17. ADF&G 1981. 
18. McKeenan 1965. 19. Maggie Roberts, ~enetie village, per- 
sonal communication 1982. 20. Hadleigh-West 1963, 21. McLean 
and Delaney 1979. 



Appendix Table 5. Water temperatures and water quality at 
springs identified in the CCR area. References are given in 
parentheses and are explained a t  the bottom of Appendix Table 4. 

Date Temp. 
Name and Location Surveyed ( OC) Comments 

Cage Creek #1 
68 20'18"N 
144 58'48"W 

Cage Creek #2 
68 $lllO"N 
145 3'36"W 

Chandalar River 
Spring #1 
67Ob' 17"N 
146 32'24"W 

Chandalar River 
Spring #2 
~ 7 ~ 2 '  3 4 " ~  
146 57'00"W 

Deadman Creek 
Sp&in9 
68 15'48"M 
145O40'48"~ 

EFCR Spring #1 
68O37'43"~ 

EFCR Spring #2 
68'29' 00"N 
144 50 ' 24I1F! 

EFgR Spring #3 
68 53'35"N 
1 4 4 ~ 1 7  '24"w 

Several small springs 
located in the lower 
section of the creek 
contribute little flow 
during winter (6) 

"Small" spring located 
upstream of Cane Creek. 
Heavy algae cover (6) 

3/23/82 1.2 to In back slough of river 
2.3 7 km upstream of 

Venetie. Approx. 100 m 
spring seep along gravel 
bank. Fall chum salmon 
spawning area (15) 

Clearwater spring area 
in upper eastside 
tributary 25 km WMW of 
Venetie. Fall chum 
salmon observed 
spawning (16) 

D.O. 9.2 ppm, pH 8.8, 
hardneess 95 ppm, 
alkalinity 70 ppg, 
discharge 0.17 m /s, 
depth 38 cm (8) 

Small upwelling between 
Red Sheep and Cane 
Creeks. Suspected RWF 
spawning and RWF and GR 
over-wintering site (8) 

Springs located in a 
backwater downstream of 
Cane Creek (6) 

Small spring (6) 

(Continued) 



Appendix Table 5. (Continued) 

Date Temp. 
Name and Location Surveyed (OC) Comments 

EFSR Spring #4 6/24/72 
68 37'30"N 5/28/73 
144'50 1 2 4 " ~  6/29/73 

7/28/73 

Jugjik R. Spring 6/24/72 
68 $ 4 1 8 0 w ~  
145 55'12"W 

Reg Sheep Creek 
68 42l00"~ 
144O48'36"~ 

Spring Creek 4/28/72 
68°25'30'~ 
145 58'48"W 

Unnamed Lake Spring 6/14/73 
~ ~ ~ 4 4  ' 22"N 
144'48 '00"W 

Short mountain tributary 
of the E F C R ,  Several 
small spring sources 
present but no known 
over-wintering areas for 
fish (6) 

D.O. 11.@, pH 8.5, 
hardness 188 ppm, 
alkalinity 154 pprn. Just 
below Spring Creek 
confluence. Aufeis 3.2 
km downstream was 78 cm 
thick ( 6 )  

Spring-fed tributary 
flows into Red Sheep 
Creek near its mouth. 
Spring is the only known 
grayling spawning area 
upstream of Cane Creek 
(6 

Several springs in lower 
section of creek. 

Near Cane Creek. Water 
temp. of lake near 

0 
spring was 9.5 C, Adult 
grayling and round 
whitefish caught by 
gillnet (6) 



Append ix  T a b l e  6 .  W a t e r  t e m p e r a t u r e s  i n  t h e  C h a n d a l a r  R i v e r  a t  
V e n e t i e  ( U .  S. G e o l o g i c a l  S u r v e y  1 9 5 8 - 1 9 7 4 ) .  

-- 

D a t e  T e m p e r a t u r e  ( O C )  

1 0  S e p t  1 9 7 1  
1 2  S e p t  1 9 7 2  
1 8  S e p t  1 9 6 8  
20  S e p t  1 9 7 0  
23  S e p t  1 9 6 7  
24  S e p t  1 9 6 9  

7  Mar 1 9 7 0  
1 3  Mar 1 9 7 3  
1 2  Apr 1 9 7 2  
2 9  Apr 1 9 6 9  
23  May 1 9 6 7  
29  May 1 9 6 9  
I J u n  1 9 6 8  
7  J u n  1 9 7 0  

25  J u n  1 9 7 1  
28 J u n  1 9 7 2  
1 4  J u l y  1 9 7 0  

9  Aug 1 9 6 9  
1 2  Aug 1 9 7 1  
1 2  Aug 1 9 7 2  
1 4  Aug 1 9 7 0  



Appendix Table 7. Water quality analysis, East Fork of the 
Chandalar River at Arctic Village, 17 May 1979 (Village Safe 
Water Program, Alaska Dept. of Environmental Conservation, 
Juneau). 

Routine Sample 

VILLAGE SAFE WATER PROGRA;T\ \ 
TO BE COMPLETED 8 Y  SAMPLtR 

Treated Watsr 

Spacial Purpose Sample 

h m p i  urca or Locarson 

gTr4d&, 
~ d d r a .  1;/ 

Vallags State 

/I //Ao T ,  

Arsenic 

Barium 

Cadmium 

Cirotnicm 

Iron 

Lead  

hlangansra 

Mercury 

Selenium 

Silver 

Sodium 

Calcium 

M a g n ~ i u m  

Potassium 

Rece8ued by H f l  Date 

3 C"Z 22 
Surface VJatata Ground Water S/1 9 /7  9 

I 
Collected by I 

q,&;<, d L m 7  V 
Sample Numba 

# /? / J-7- 

L a b o r a t ~ y  Analysis Numb- 

Z ~ P  Code 

Limit 

Sample Data 

Chloride 

Fluorids 

-79 
5// 7 /7 4 

Nitrate 

Suifate 

Carbonate 

TFR 

Limit 

Alkalinity 

pH 
Turbidity 

Color 

Condunwity 

I 

I 

Slynaturs of Laboratory Supervasor Date R P  orted 

T ( I ' G - L -  
/ / 

18 319(12/78) 

I d/Ya3/77 



Appendix Table 8. Water quality analysis, East Fork of the 
Chandalar River at Arctic Village, 6 June 198B (Village Safe 
Water Program, Alaska Dept. of Environmental Conservation, 
Juneau) . 

7 < \ b  V I L L A G E  S A F E  W A T E 3  F 2 O G X A H  '/:]3 ,yLL I 
! 
I Ci,andalar R ive r  :-.iJ-.----- - - I X&3TXS$T?38  John Thoxas -. - - - - - - - - -. - - - - - 

? ru /Sample Nurnbar 

3 ~ u r f a c s  i,;zter Ground i'::later I 
Xd Untreated i';.ter T ~ s e l e d  I';>:er 

285T80_ -- - 
Ztp Cooe rampie Dzte  

6/6/80 

I - 
, ~ ; 1 : 1 ~ ~  !State 

! 
Routine San2le  2 Spsc~al Purpose Sdmple 

/ A r c t i c  V i l l a a e  

C I T P " , ~  

b r l u r r  

C 2 . 5 " . , ~ 7  

Chr ,rnlurn 

Iron 

Lead 

? . l a n c . a ~ s e  

Ak 

. . L I ~ ~ ~ . , ~ ~  ICI.OOZI 1 i . : : N' D; 
~ ; : e l , u m  (0.011 ! . ' 1 -;.SL= 
S;lrgr I ~ > . O ~ I  \ I . !  ! i ~ ! @  
~ o d r u r n  1 2 5 0 1  i I ' _ _ i i : i . . T W  
Calcium 1 ! l  : s !  0 : -  1 I 1 

h:.~pcstum 

:o iz i s~um 1 1  I ! T ; C  

M3:t 

Chlortde * 
Fluoride 

** F!i:rare - li 

S u l i a t ~  

Car5or;ars iIL.at,n,tv L-..!!6,2 --- 
T F f i  @ ~ S O '  c .- 1 ~AO~~O~L. 

P.u 
I ! - ' ' 8 1  
L .. -. -2.1 :1..- 

~ ~ ~ b ~ d i ~ ~  1 l O i  n r u  
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Appendix Table 9. Water quality analysis, East Fork o f  the 
Chandalar River at Arctic Village, 26 Januaiy 1981 (Village Safe 
Water Program, Alaska Dept. o f  Environmental Conservation, 
Juneau). 
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Appendix Table 1h7. Water quality analysis, Chandalar River at 
Venetie, 6 July 1977 (Alaska Area Native Health Service, U.S. 
Public Heal.th Service, Anchorage). 
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F P  *H 

Source o f  Sample: Vene t ie ,  Alaska. -%em- slough near  Post  O f f i c e ,  Chandl a r  River .  
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The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 


	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF APPENDIX TABLES
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	Fish Resources and Their Use
	Field Studies
	Factors Limiting Fish Production in the CCR
	Rehabilitation and Enhancement Opportunities
	Local Opinions Concerning Rehabilitation and Enhancement

	ACKNOWLEDGMENTS
	REFERENCES
	APPENDIX



